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A Scatiscical .xpcrimontal dociqn called

Cho FaSC 4-1 SOriod is ~sod to asslqn mass Ival-
U*8 to Irr-houso standard Ura cylindars. Thim

dosiqn la Intondod co mlnlmixa cho oumbor OC
woigliinqs of larqo cylindsrs yot provldo accO?C-

ablo •sc~matoa of mass valuoo and their praci-

Iion.

1. ImTmmJcrIa

TlrO concept of ralatinq ● rotoronca stan-
dard to anochcr t-it ob]scc (known synorrptouoly

.la chock standard. worklnq standard, secondary
standard. ~r in-houam standards. IHS) tram baon
of concern In tho nut!.ar induntry. Spocifi -

cal~y, % parclcular &ppllcacion Aa found In thm
UF5 Industry.

Production ubjecco in tho Ur6 industry ● ro
typically larqm Stool cylinders fkllod with

nuc loar mhr.erld,!. ●nd havinq qroso wmiqhC9 of

●bout 11 tons. no cuapoctod chac -cal. loadlnq

procedural dnd a~r buoyancy corrocclcna worm

pocmntltl ● rror nourcmm durlnq calibration wlch
Indum try standard iron weiqh~n. To ovorcomo

TABLl

thooa. a sorios of six rcpl~ca mass standards
(RMSa) war. Cabricacod to dupllcato tha qooma.

cry, dlsplaceunt, ●nd ●ppromimato mass of th.
:ra cylindorc in us. by cho ❑ uclear industry. L

Duplicmto cylinders of ● ach of Chroe SLSOS
wore prepared..ono filled with stablo macorials

co ● total WAqht ●ppro-lmacely ●qual to cha
qreaa (Cull) wolqht ●nd ona loft cmpcy to Ap-
prosimato the ●mpty (tare) wmlqht of production

cyl~ndors.

Table I llSCS the RMSS ●nd unc~rcaLnc*os
that w~ra .cCablImhmd in 1977 by che Naclonal

Euroau of Standards (NBS).

The PMSm oorvc ● t roCorarrca standards for
the introduction of the S1 unit (Lncarnaclonal

syocom of unlc~) for mass into tho mais moasur@-
marrc procsoa ●c Ure mhApplnq/rocoivinq locatlrns

rratlonwkdo. Each of thooo locations mainc.alrlfi
iti awn qroup of IHss, which ● ra also r.pilcaj

of production cylindmra,

This pap-r deals with cstlmaclrrq pararnctar~
that ● ro ●fsociaced with tho IHSO, Cmperlm*ntal
dockqna ● ro qivon Cor Slc,laclons rhac invu), ;9

1

REPLICA MASS STANDARDS

lJrA
?ocal 17i*placam0nr

‘ylindmr Hana Valua
VI) lturlo

[Incortalnty
Onign_ - (=iIT~:j-fi–:– (~~ ML _- (d!. .

4r!Y 5 /n4 IJ6 ; IU7.:(): 1).IIIJ [),1)61 1’)4,0/

4MY 11 5(1/, ’1): II ‘4’, ,1’)rl ‘)./14 l), ,),JJ 1’!4,’,1



scmm ?Omon ~easuramgnc processati. :I?eso ?O-

slqns and tnc ?rocaduras prosonrmd hare are aP -

plica.blo to any iot JC objoccs for which :ho _
IS known and cho IHS IS to 8. datorminod. A

datailod qerror.tl doscrlption is qivon by

Croarkin.2

11. Assm Wtms

Tho FamK 4-1 Sorlom method is uood to aa-

siqn mass values co tho IHSa, TI?lI mochod. on.

of many Imsc-squares tachnlquoo Chat arc aC-

cepc-lo for quantifying an [W, has bc.n adopc-

● d Crom NBS Teat Rwporc 211.09/C 41216/UCC-l.]
Tho ~AsC 4..1 S@ri@s doflnos a typo of ●lperiMn-
cal desiqn that Conoists Of four wclqhinqa uf

known scandardo and four addlcional wlqhlnqa of

tssc objoccl.

Thw lHSG for a particular facility hava
masi valucm ●sslqnod co thorn accordinq to ● pro-

codurc havinq ctm Collowinq characccristica:

● Tho IWSa sra cha standards of mass m#amuro-
manc used (for ●Iamplo, mass valuoa ●saiqnod

by ths NBS).

● Th@ wolqhinq dcvica it oporatod in Ch_ CO~-

paratlvs m~da by a “null” raadlnq mochorl.

[n chls method ● par?.lcular output valu* 0(

cho comparator it aelcccod with on. OC rho

Woiqhcs or Intoraat on CIIC dock or platform
of tho woiqhlnq davlco. This valuo i- ropro-
duccd for ● ach obaorvatlon by th~ ●dditiorr
or ramoval of Small walqhti to or from tho

davLcc.

● Tha valuo rocordad for ●ach obmarvation ~
rho sum of tn. small walqhcs ●ddtid CC tho o=-
VICW co obtain a null value.

To tacisfy chcoo characcor.sticu. wm ● rawno
that walqhlnq devicoc aro ●val lablo wiCh Lha :@-

qul,cd capacity ●nd sons~civity, Tho maqnitudo

of ?ha !I14S should h n@arly ●qual to that of thm
lHS. A prmllminary mama valUO should bo ob.

tainod by dirocciy uclqhlnq tho [HS.

W. a~sm that cho “roproducihiilry’ of rhs

wc~qhlnq dovico is dacarminod Mforo tho fa-t
4-1

1s

Tha
rho

0/ Repeat scaps (a) thr3uqh ii) from 5 r>
!0 tlmcs keaplnq thm t:me Jecween i’lc
ces3ivm ● nmcutiona of seep (a) as fiear-

iy equal as practical. Raproduce the

null valuo as cloIsly ao possibla.

(f) Computo tho standard deviation of tha

moasuromoncs . [f tho standard clovla-
tion im too lar.qs. :?.6 wsiqh~nq instru-

monta ●nd tho prccms: sho,lid ba chor-

ouqhly chackod !tid corrected beforsr
procoadinq.

Somacimam cha #area valuo ic obt~inod for

● ach m?asursmsnc and cho -t&ndard davlation lS
0. [n chla cas~ of parfact raproducibi lit)’,

tho sonsltivity of tho dovico may ba obtainad
by ~ddlnq ●dditional small woiqhts uncll tha
null chanqm~. “Son6icivlty” is dotlnod as thm

maqnitudo of Ch- -Iqht raquirod to chanqo tho

null. SonslcivlCy can bo comparad with cho un-
cortaincy to be ●cslqnod cho IHS. An a quide-
lino, cn accQpc4.blo s9nsitivicy is 1.SI than
10S of the manlmum accopctilc uncorcalncy of

tho IHS.

111. m fm 4-1 sBnIm

Ths rollowin~ saquenc* is a ramc 4-1
SarIOM in whicil cho facjllcy has dno Rt4S and

two Ilissl

Ob-arvaclonq Woiqht-— —

01 Carclfiod scandarrl (RMS)

o~ (IHS)l WOlqht CO b. callbratod

0, (lHL”)l Ualqltc CO bo callbraLwd

r-14 Ccrrifiod standard (RMS)

o% CsrciClad standard (R14S)

o ~ (IIIS)I WaAqht rn ba callbraced

’77 (IliS)l WOiqht to b. callb-stcd

(lo CartLflwd ctandard (RMS)



A Ieatit-squares solution is given by

whmra XI dcn’tcs (IHS)I, II d@notos (IHS)Z. R

danotos tho “known” MS, b donotoa tha blat of

tho wiqhinq device, and ● is a random varl-la
distributed indopondenciy normal wictk reaan O and

variance az.

A least-squares solution qivoa the Collow-
inq ● stimatea of che pararmtera b, 11, 12, aod
Oz:

and

(01 ● 0, ● 05 + 08)
b=

4
-R.

-(01 - 20, . 04 . 05 - 207 ● OS)

‘1 “ 4
● R,

-(01 - 20, . G, ● 05 - 206 ● OB)

‘2 “ ‘——
-R,

4

1(0. - tii
a’, . +–

whera Oi II the ● at

2

mate of
the least-nquarec ●mtimatos

(for ●IAMP1O, 01 . R o b).

ThO variances ara qivoo

OJ (b} s 0,13021 ,

01 found by utinq
of cho paiamaterl

by

and

(01 + 04 ● 05 ● 08) **
b: -—

5 2’

-(OL -202*04.05-207408) R*

xl s
,—

—4 2’

-(01 - 20, + 04 ● 05 : 205 ● 09) R*
X2 , .—

4 2’

1(01 - 0,)2
022. —~

5

whera R* . R1 ● 112.

Tho variances ara qivmn hy

U2 (11} a 0.75 dz , and

62 (,2} . 0.75 022 “

Tho following daaiqn incorporates una RM,

t Wn IHss, a term for 1 inaar drift in t.ha

weiqhc$, ●nd ● check standard. Tho chock st,n-
dnrd, dmnoted by C, could be dn kMS or soma

other waight. This work closaiy follows the ap-

proach used by Cameron And Hailes.5 lie anaume

that thm linear chtnqs is caused by temperature

● ffecta. Them. meaaurmmonta would be ta.an over

a long period of time (Cor ●x.mple, one easur~

monc per uoak).

The model is qiven by



. . .

The estimates of che parameters are qlven
by

(OL . 08)
b=

2
-R,

(-01 .02 .07 -08)

11 = 2
● R,

(-01 +0, .06- 05)

‘2 “ 2
● R,

(-01.04.05-08)
c=

2
-*R,

r(oi - Oi)z
i?, = , -, and

A. +(-701 -502 -10, .04.05 ?106 .507.708) .

The variances for model 1 ara

az (b) . 0.50U1 ,

U2 (rl} 3 0.5U2],

Oz (r~) x o.5u~1 ,

02 (C} . ~zl, and

02 (A} : Lrzl/160 ,

Clv*r a “lonq” period of time, ottlor error-u
may appear i,) tho dosiq:j modal. ~or ●zamplo a
randofn ● [ror on the RMS would 9ivs

CIi, (R + 6) , b. 7A. ●l ,

where 6 is distributed with moan O and varianco

062. :hanq-B would bm required in tho ● sclma-
r,kun ot paramotars ●nd choir varlanrea,

14ar:ers and morlels sucn ,+s thes?, aro

for further study,

EXAMPLE

r“,>nsi,ier +tl~ ?rauioua model and rho f,>l

Lnq m*nnu[*m*nt .. .

● ❆▼

nw

01 = 25 325.907 05 = 25 131.’901

Clz = 25 326.661 06 = 25 115.427

OJ = 25 329.579 07 = 25 336.512

Oi = 25 312.165 Oa 3 25 340.242

R a 25 132.076

Tho estimated parameters (xl standard dovi-

aclon) aro givan as follow-:

b = 0.9$85 (s0.1285)

C a 25 312.034 (xO.1E117)

=1 s 25 330.509 (=0.1285)

;Jz a 0.0130

12 = 25 131.506 (=0.1285)

A m 1.005 (s0.0172)
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A staclstlcal em~rimoncal daaiqu called

tho rait 4-1 Sorioa is uaod to ●ssign mass val-

ums co in-hudso ocandard Urd cylindorti, This

domiqn 10 intcodod CO minimise cha numbar of

wciqhinqa of laroo cylindsrs y-c provida ●ccapt-

ablc ●acimacos of mass values ●nd chair procl-

#ioa.

1. r~xm

Tho cooccpt of rmlatlnq ● rcforonca stao-
dard co ● aocngr c.rc objacc (known gynon~ausly

● s chock standard. worklnq acandard. sacondary

sLandard, or An-houso acaadards, IHS) has been

of concm.n in tha nuclo&r industry. spmcici-

Ca!ly, a pmrCiCular ●ppliCaCiOn is found in tha
UF6 industry,

Production objocts In thm UPd industry ● ro
typically larqa -cool cyllm~rm filled with

nuclear macorlal ●nd havlmq qroas voiqhts OC

M&uc 15 tons. Us sua~ctmd tbac acalo loadinq

procodurem ●nd ●ir buoymmcy cnrr*ctlona wcro

potontial ● rror sourcos durlrrq calibration with

industry mtwrdard irom w@hca.- To ovorco~

thoao. ● oorios of OIX ropllca mata standards

(RJ4Sf) WOrO Cmbricacad to dupllcato chc qoomc-
cry, dlsp~ac~nc. ●nd ●pprouimaco mass of tha
L!?~ cyllndorz An ua. by tho nuclaar induutry.l

Dupllcac. cyllndorm of ●ach of Chr@o sixes

wdro proparcd--ono Clllod with -cabla macerlals

co ● Co+.al wiqht approximaccly equal to Cho
qroos (Cu:l) wlqht ●nd ono l~fc ●mpty to cp-

pro~imato tba empty (tar.) niqtit of production
cyllnd>rs.

Table 1 lisCS tho RMSa ●nd unc~rcaintios

Chat woro ●mtablishwd in 1977 by tho 3aCional
Bureau of Standards ‘NBS).

Tho PUS aor%o ●t roforanco otaodardi for

tho intruducLlon of tha 11 unit (lncornati~nal

syatom of units) for mmaa Into <ho masm m@amur@-

mmnt procooa ●t Ute thlpplmq/recolvlnq locat~ons

❑aclonwlda. C~ch of UIoaa lacatlona maintains

lcc own qroup of IHSa, which ● rc ●lto rcplicai
ot production cylindorc.

TABLE 1

RCPLICA NASS STAr4DA0DS

RMS 1 (ompcy)

RM37 (full!

PMS I (.mpry)

urns 4 (full)

RMS 5 (amp(y)

RH!3 $ (?I,lII

150

JOB

4nx

48x

4@Y

48Y

6 155,999 J 681,011

4 461,nOg 1 (124.770

15 112,1J4 11 4oo.4\v

Total
Unc*rtaincy—-
(llb_ ~

0.110 0,01’4

0.118 0.001

I-),118 0,061

“,lna 0.085

0.118 0.081

(J.~14 ().()$/

Dimplacerr-.,r
‘JOlum*

—d. _

lu.fiu

Ju,nw


